The shortage of heart transplantation donors is a problem, but partial left ventriculectomy (PLV) and mitral valve replacement (MVR) are feasible at the optimal timing, even in young children. Methods and Results: From May 1998 to May 2008, 11 children under the age of 3 years were diagnosed with severe dilated cardiomyopathy (DCM). Indications and outcomes of non-transplant surgical strategies were evaluated and 8 procedures were performed in 6 children: 5 PLV and 3 MVR. Two of them underwent MVR after PLV because of deterioration of mitral regurgitation (MR). Age at surgery ranged from 8 months to 2 years 11 months. Four are alive, of whom 1 eventually underwent a heart transplant overseas. Two children died during the study period: 1 who underwent only MVR died of intracranial bleeding during thrombolytic therapy for a thrombus stack valve and the other child died of congestive heart failure because of progressive MR 2 months after PLV. Follow-up after PLV ranged from 2 months to 8 years, and after MVR ranged from 1 month to 4 years. Conclusions: PLV and MVR are feasible and effective and should be considered when heart failure resists conventional therapy. (Circ J 2009; 73: 1045 -1048 
eta-blocker therapy with angiotensin-converting enzyme inhibitor or/and angiotensin receptor blocker is widely used as conventional therapy for dilated cardiomyopathy (DCM), even in young children. 1 However, it is not always effective for children with severe DCM. Although heart transplantation is a highly effective therapy for patients with end-stage heart failure (HF), the limited number of donors makes it available to only a small percentage of such patients who could benefit from the operation. 2 In addition, mortality while waiting for transplantation cannot be ignored 3 and donors under 3 years of age are in short supply. In Japan, children under 15 years of age are prohibited by law from becoming organ donors. As a result, the youngest recipient in Japan so far was 8 years old. Therefore, in Japan heart transplantation in young children is practically unavailable. Meanwhile, partial left ventriculectomy (PLV) or mitral valve replacement (MVR) are feasible, in even pediatric patients, despite some difficulties. [4] [5] [6] [7] Such procedures can be scheduled for an optimal time, according to the patient's condition, and do not carry the risk of rejection or the complications of long-term immunosuppressant therapy. For young children with a poor response to conventional therapy, a non-transplant surgical strategy can be considered.
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Methods
From March 1998 to October 2007, 11 consecutive children under the age of 3 years were diagnosed with severe DCM: 5 boys and 6 girls, ranging in age at onset from birth to 2 years 11 months ( Table 1) . Patients with systemic organic diseases, such as muscular dystrophy, mitochondria disease or inherited metabolic disorders were excluded, as were children with coronary artery anomaly. A minor congenital anomaly that did not affect hemodynamics was detected in 2 children: a small ventricular septal defect with minimal shunt, and a double-orifice mitral valve with mild mitral regurgitation (MR) and without valvular stenosis, respective. None of the others had any primary mitral valve abnormality. All had symptoms related to congestive HF, such as loss of appetite, tachypnea, pale skin and edema. The clinical status of HF was class IV for each child. 8 Cardiac catheterization and right ventricular myocardial biopsy were performed in all children and the diagnosis of DCM was based on clinical features and biopsy. Significant inflammatory cell proliferation or findings of metabolic disorder was not observed in any of the myocardial specimens.
Medical Treatment
Our therapeutic strategy for DCM in young children is as follows. In the acute or recurrent phase, large doses of diuretics, vasodilators and phosphodiesterase inhibitors are intravenously administered in the intensive care unit, in conjunction with restricted water and salt intake. If necessary, an appropriate dose of catecholamine is added. In the chronic phase, diuretics, angiotensin-converting enzyme inhibitor or/and angiotensin receptor blocker are adminis-tered orally and then the β-blocker, carvedilol, is started and increased stepwise from 0.05 to 0.6 mg · kg -1 · day -1 . When cardiac function deteriorated despite aggressive medical therapy, surgical interventions were considered.
Surgical Interventions
PLV was chosen for children with a severely dilated left ventricular cavity, whereas MVR was chosen for children with severe MR who had undergone previous mitral repair or had coexisting mitral stenosis.
Indications for PLV 9 were: (1) >3 months elapsed since onset; (2) requiring more than a medium dose of intravenous inotropic agent or mechanical ventilation support; (3) cardiothoracic ratio (CTR) on chest X-ray >0.70; (4) left ventricular end-diastolic volume on ventriculography >350% of normal predictive value or >150% of normal predictive value of left ventricular dimension on echocardiography; (5) <10% of fractional shortening (FS) or <25% of ejection fraction (EF) on M-mode echocardiography; (6) >1,000 pg/ml of brain natriuretic peptide (BNP); and (7) perfusion defect in the posterolateral segment of the left ventricle on myocardial scintigraphy ( Figure) . Exact evaluation by myocardial scintigraphy could not be done in all the children because of their small hearts. When a patient's data fulfilled 6 of the 7 criteria, PLV was chosen.
Our standard PLV procedure is as follows. The left ventricle is incised, starting near the apex. The as much myocardium as possible is resected from the posterolateral wall between the 2 papillary muscles, followed by Alfieli's mitral valve repair. 7, [10] [11] [12] [13] Indications for MVR were: (1) more than moderate MR with a severely dilated left atrium on echocardiography; (2) >10% FS or >25% EF on echocardiography; (3) >1,000 pg/ml BNP, and (4) previous mitral repair (Alfieri procedure) or coexisting mitral stenosis. All the criteria had to be fulfilled. MVR was performed by the usual methods, with minimum resection of the mitral valve apparatus.
Written informed consent was obtained from the patients' parents or guardians before surgery.
Results
Of 11 children, 6 were judged as end-stage DCM, meaning HF that was resistant to aggressive medical treatment and rapid progression, and eventually they underwent a total of 8 surgical interventions: 5 PLV and 3 MVR. One child, who underwent urgent PLV, eventually required heart transplantation 5 months later. The follow-up after PLV ranged from 2 months to 8 years 10 months, and after MVR ranged from 1 month to 4 years 8 months. The age at PLV ranged from 8 months to 2 years 11 months and at MVR ranged from 1 year to 5 years 2 months. No patient simultaneously underwent PLV and MVR. No acute complications related to PLV occurred in any of the 5 children.
Clinical data at the time of the PLV are shown in Table 2 . The CTR ranged from 70% to 78%. The percentage predictive value of the left ventricular dimension ranged from 165% to 198%. FS on echocardiography was less than 10% in all children. Serum BNP levels ranged from 1,110 to 4,360 pg/ml. On echocardiography, 2 had severe MR and 3 had moderate MR. MR was considered to be caused by chordal tethering in all the children undergoing PLV.
In patient 1, cardiac function gradually recovered after PLV and no further surgical intervention has been necessary. Clinical status of HF at the last follow-up was class I. In patient 2, cardiac function gradually improved with time; however, MR deteriorated 6 months after PLV with clinical complaints, and MVR (ATS-AP 20 mm, ATS Medical Inc, Minneapolis, MN, USA) was performed 13 months after PLV. Clinical status of HF at the last follow-up was class III. In patient 3, PLV was performed at 7 months of age, but her clinical condition deteriorated shortly after recovery of cardiac function and she eventually underwent heart transplantation overseas 6 months after PLV. No technical difficulty related to the previous PLV procedure was reported at the time of heart transplantation. Patient 4 had a stable clinical condition was stable until approximately 5 years after PLV. Mitral and tricuspid regurgitation became severe, with EF >40% of on echocardiography. MVR (ATS 20 mm) was carried out without any difficulties at 5 years 3 months of age, which was 2 years and 9 months after PLV. Clinical Figure. 99m Tc-tetrofosmin myocardial scintigram shows a more than moderate perfusion defect at the posterolateral wall in an infant with dilated cardiomyopathy.
status of HF at the last follow-up was class II. In patient 5, cardiac function slightly recovered from 8% to 10% of FS at 1 month after PLV; however, severe MR developed and she died of progressive HF 2 months after PLV while under consideration for MVR. In patient 6, severe MR and moderate mitral stenosis with moderately impaired left ventricular function, which was approximately 40% of EF on echocardiography, was noted at birth. She did not gain body weight because of the HF, so MVR (ATS 20 mm) was chosen as the surgical intervention rather than PLV. Shortly after surgery, a thrombotic stack valve was noticed on echocardiography and tissue plasminogen activator inhibitor was intravenously administered as thrombolytic therapy. Unfortunately, she died of intracranial hemorrhage as a complication of the thrombolytic therapy 1 month after surgery. So far, more than 5 years have passed after PLV for patients 1, 2 and 4. Two of them attend primary school without any complaint.
Five children who responded to conventional medical therapy and were exempted from surgical interventions are alive in good clinical condition (class I or II). There were no remarkable differences in the onset data for children with and without surgical interventions ( Table 3) .
Discussion
Childhood DCM can improve spontaneously with or without medical therapy in approximately 30% of cases over several years. 2, [14] [15] [16] However, the prognosis for young children after a diagnosis of DCM is generally poorer and earlier than for adult patients, 2,16 so it is difficult to determine the indications and timing of surgical interventions.
Recently, surgical procedures other than heart transplantation have been developed and PLV is a surgical option currently used for the treatment of end-stage HF in adult patients. [17] [18] [19] We have reported successful cases of PLV in young children and shown that the procedure is feasible even in very young children. 7, 9, 10 However, body growth needs to be considered, as well as the short-term outcome. The increase in body size associated with normal growth in children places greater demands on the heart, so we use Alfieli's methods, which allow for valvular growth with age, instead of using valvular ring annuloplasty. [11] [12] [13] However, the longer-term outcomes after the procedure are still largely unknown. [4] [5] [6] [7] 10 MVR is another option for cases of DCM with severe MR, [20] [21] [22] To a greater or lesser degree, MR coexists with severe DCM and the mechanism of MR is considered to involve tethering of the mitral leaflet by the papillary muscles, with dilatation of the mitral annulus. Mitral insufficiency leads to a vicious cycle of increasing volume overload of the dilated left ventricle, thus leading to progression of annular dilatation, worsening of MR and volume overload. This cycle can be interrupted by correcting the mitral valve insufficiency. Mitral valve reconstruction in children with congestive HF may lead to clinical and functional improvement, but it is believed to be associated with a substantial perioperative risk. In general, MVR is thought to be inferior to mitral valve repair, in terms of cardiac function, because of the interruption of the annular-chordal-papillary muscle continuity. However, mitral valve repair cannot completely prevent MR, which may recur with time and body growth. In the present study, Alfieli mitral valve repair was done at the time of PLV. Although all 5 patients undergoing PLV had significant MR before surgery, they had only mild MR immediately after surgery, so Alfieli mitral valve repair was considered to be effective in the short term. However, in 2 children MR deteriorated with time because of valvular annulus re-dilatation and in them MVR eventually improved cardiac function. Sartipy et al report that edge-to-edge mitral Tables 1,2. repair without annuloplasty in combination with ventriculotomy carries a high operative risk and poor prognosis. 23 Considering all the results, an alternative mitral valve repair technique, such as the non-circular ring and subvalvular procedure, might be considered instead of the Alfieri method at the time of PLV. 19, 24, 25 As seen in the present cases of pediatric DCM, deterioration of HF is rapid, so the decision to perform a surgical intervention should be made without too much delay, particularly because emergency surgery results in a poor prognosis. However, on the basis of the onset data for both the non-surgical and surgical cases ( Table 3) , onset data alone cannot predict the necessity for a surgical intervention. Previous studies also report that onset data did not predict prognosis. 14, 15 In the present study, the children who did not undergo a surgical intervention were all responders to initial medical therapy. Therefore, we allow at least 3 months from onset to surgical intervention to eliminate responders to conventional HF therapy.
High concentrations of plasma BNP (>1,000 pg/ml), >150% of the normal predicted value of the left ventricular diameter, >70% CTR and <30% EF, and the necessity for medium doses of catecholamine or mechanical ventilation may all be indicators that PLV is appropriate. In addition, a markedly enlarged left ventricular cavity with a spherical shape is a favorable factor for PLV, because the PLV procedure is theoretically based on Laplace's law.
In the present study, 5 of 11 children were managed by aggressive medical therapy without surgical intervention and 8 survived without heart transplantation. The overall outcome of our therapeutic strategy is comparable with that for heart transplantation. A previous study revealed that mortality more than 2 years after PLV is low, 26 and in this study, more than 5 years have passed for 3 of the 5 children who underwent PLV and their cardiac function gives them good quality of life. In contrast, mortality after heart transplantation gradually but steadily increases because of chronic rejection. At the very least, PLV and MVR in childhood have a role as palliative bridge therapy to heart transplantation. 27 Non-transplant surgical approaches, such as PLV or MVR, are a feasible option, particularly for rescue end-stage cases, and all the more if heart transplants for children are not possible for whatever reason. We consider that a nontransplant surgical strategy might be an appropriate permanent repair in combination with aggressive drug therapy. Further accumulation of experience and longer follow-up are needed to fully assess the effects of this strategy.
Study Limitations
The present study has several of the limitations of an observational and non-randomized study. As much as possible, we pursued medical therapy before considering a surgical option for severe DCM. Surgical intervention was performed only if cardiac function steadily deteriorated. Consequently, it is impossible to compare the outcome of medical therapy with that of surgical intervention. We would like to emphasize the usefulness of the combination of medical and nontransplant surgical therapy rather than each therapy alone.
